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SUWAPY 


This investigation was conducted to obtain ‘rforma- 
tion on the mixing and mixing rates of the secondary air with 
the geees of coroustion in a jet en,ine burner. For this pur- 
pose a JSb-AWl7 ‘urbo Jet Mnc'ne, can type, burner was votil- 


ized. 


lt was found, for the range of fueleair ratios ine» 
vesti;ated, e009 and .012, that mixing was accomplished in a 
fairly uniform anc cefinite manner. inecreasin , fuelwair ratio 
increased the temperatures near the center where ths hot core 
of the gases maintained itself. As the amount of secondary air 
into the flame tube increased, at a constant fueleair ratio, 
the higher temperature cases near the center would be cooled 
anc the gases previously cooled near the boundaries of the 
flame tube remained practically constant in tesperature. hus 
a very high temperature gradient thal existed near the fuel 
noggle woula be fpracually decreased. ‘lowever, near the end 
of the burner, where secondary air ceased to be admitted, a 
temperature cgracient still remained indicating that inprove~ 


ment can be ace to produce uniform temperature distribution. 


Low temperatures adjacent to the flame tube were ob- 


served in all cases aii were within the structural temperature 
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limitations. The seconcary alr between the fleawe tube and 


outer liner was practically corstant at 165-105" F. 





INTRODUCTION 


The heart of the aircraft jet engine is considered by 
many to be the burner, for it is here that the heat is added 
producing high termal enerzy from which the engine is able to 


produce thrust. 


The design of such an aircraN Jet engine Lurner 
must take into account the following requirements: 

(1) Low weicht 

(2) Conpactness 

(3) Low pressure loss 

(4) Uniform temperature distribution at outlet 

(5) & definite maximun temperature at outlet 
that is not to de exvecded 

(G) Ability to withstand hich temperatures 
structurally 

(7) igh conbustion efficieney 


(8) Mich rate of heat release 


The first cesipne were arrived at by trial and orror 
methocs as only sketchy informetion was available. As burners 
were produced that could meet the above roquiresents, at least 


partially, certain concepts of desiyn became accented. lLow= 
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ever these concepts are continually being teated with verying 
econfi,urations ant still, to a groat extent, wit? cut and try 


methods 


Requirements (4) ane (5) are imposed by the material 
limitations of the turbire. These requirements, (4) and (5), 
are meet in the burner by dividing the eirflow Into roughly 
two parts, primery eir and gecorcery air. trimary air, with 
the fuel, supports combustion anc entors at the forward ond 
of the burner. ‘Seccndary air anters the fiare tube (inmer 
liner of the burner), throv,) various means, downstream of 
the primary air ard sorves to cool or quench the hot pases 
of combustion, thereby lowering the outiet temereture to the 
desired maximum or below. There is no sharp line of” demarca- 
tion betwoon primary an! secondary air. This cooling, by the 
seconéary alr should be cone in such a manner that uniforn 
temperature is obtained at durner outlet. The secondary air 
also aids in meetin), requirement (6) by prowidin, a cooling 


layer of air between flame tube and outer liner of the burner. 


Ref. 1 defines comoustion efficiency as the ratio of 
actval enthalpy increase of fuel plus workin), fluid to the 
ideal enthalpy increase if combustion were conplete. .resont 


Gay aircraft jet erfine burners have hi lh combustion efficiencios 
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and extremely high heat release rates over most of the opera- 
ting range of the aircraft. Thus it might seen that there 
would be more productive fields of effort in which research 
and development could ve channeled in man's attempts to in- 
prove the present day jet engine. However on a closer look at 
the complexities of the turner and its operation it becomes 
apparent that there 1s neec for much improvement. For instance 
high combustion efficiency is limited to a restricted range of 
fuel<air ratios and ag combustion efficiency crops, unstablo 
burner operation and incomplete combustion results with the 
attendant loss in thrust anc finally complete stoppase of the 
engines Thus it becomes ectvious that there is a great need 
for extending the ranze of burner operation with good com= 
bustion efficiency. The fact that jet engine burners have 
high ecoribustion efficiencies over the operating range of the 
aircraft becomes merely a statement of the dependancy of the 


aircram performance on combustion efficiency. 


Poor combustion efficiency may be due to, aceording 
to Ref. 2: 
(1) xeessive supply of primary air cavsing 
chilling of the combustion process, or to 
prowature admission of tho secondary air 


nleo causing chilling. 
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(2) Too long a flame path in relation to burner 
Cimensions g60 that quenciiing of extreme 
portions of fleme oveurs, resulting in une 


burnt fuel. 


From the above it can be seen that the seconcary air 
of the turner becomes very important and the wanner ir which 
it is introduced into the flame tube has a marked effect upon 
combustion effielency. Thus the cistribution and mixirg rete 
of the seconcary aic with the lot pases of combusetior assumes 
@ critical place in the overall picture of the aircraft jet 


engine. 


It was the purpose of this investigation to survey 
the temperature of the secondary air mixin: gone anc with the 
results go obtained to attempt to provide an insight into the 
mixing rates and pattern of mixing within the burner. To 
carry out this purpose a typical "can" type turner thet has 
been used suceessfully in an aircraft turbojet e. cine was 
selectec. This burner was mrt of the J&3-A917 turbo-jet 


ongine. 
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TUST PQUIPMuT 


A schematic drawing of the test equipment is pre- 
sented in Fig. 1. Fig. 2 shows the control panel from which 
the test equipment in the teat cell was opersted. cuny,'ne in- 


struments and controls were located at the control panel. 


A six cylinder Lycoring enjine, »odel S=435-T rated 
at 162 hp. at 2500 PK was directly couplec toa centrifugal 
compressor with a 7.48 : 1 cear ratio. ‘his compressor was 
removed from an Allison Y-1710 Alireraft Engine. The irstalla- 


tion is piotured in Fige 5. 


The air to the compresscr entered an eight ine duct, 
in the test coll, in which there was placed a 5.6 in. square 
edged orifice with: racius taps. Yressure lines from the 
radius taps wore lead to the control panel anc there connected 
to a water filled mmnometer so that differential pressure, 


APs across the orifice coule be read directly at this location. 


Compressed air from the compressor then entered a 
large duct, as shown in Tig. 5, and was lead to the J35<A-17 
turbo jet engine burner, a “ean” type, where it was aixed with 
fuel and the resulting mixture burned. The hot pases and ex- 


cess air were then blown through an exhaust system to the out- 
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side atnosphere. 


The fvel vsed in the burner was diegel o1i1 and was 
lead from a tank cutsice tne test cell to a fuel rotaxeter 
that. *rdieated fuel flow in pounds per hour. From the rota- 
meter the fuel went to a fuel pomp with a by nase arranconent 
to allow control cver the fuel flow rate. The pucvp sent the 


fuel directly to the spray type fuel nozzle in the burner. 


Ignition was accomplished by meane of a s»ar) plug 
first teriting a stream of acetylene and then, after starting 
the fuel pump, the burning aeotylene ignited the fuel. “Ne 
acetyleno was eupplied from a standard tank, lead throu sha 
relay cuntrvl for positive operation, and then to the sleeve 


of the spark plug ana out into the burner. 


A sreton of the J35-A-17 Turbo Jet Uy ine burner is 
shown in Fige 4 giving the dimensions, size anc. loeation of 
the secondary air passayes, arc position of fuel nozzle and 
Spark plus. The flame tube has seven rows of holes of wh) oh 
three of the rows are shown in Tig. 4. The rows are equally 
spaced around the tube. Tere aré also seven rows of air 
Slits of which three rows are s!owm in ric. 4 Figs 5 isa 
picture of the flame tube removed from the outer shell. 


There are two large holes of 1.2 i:. dias@ter of which one is 
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shown in Pige 4e These are for starting purposes when instal- 
led in the complete engine and were blocked off for this test 


to prevent the entry of secondary air by this means. 


To carry out the purpose of thia investipation four 
stations wore first seloctesi along the burner as ghown in Fig. 
4, The., to persit the tenperature probing of the seconcary 
wir mixing gone, 11/32 in. holes were drilled around tlhe peri- 
phery of the outer liner, ore hole in line with enc’. of the 
secundary air holes in the flame tube at tha stations selectec. 
“etal plates, 3 3/8 by 1 3/8 ine, and 1/4 in. thick were cut 
from 6 in. pipe to rive then some curvature. 11/32 in. holes 
were thon Grilled in the metal plates to correspond to the 
holea previously cut in the outer liver. The |} oles in the 
plates were then tapped and the plates riveted in place tv the 
o-ter liner. Ono eighth pipe plugs wore then screwed in “he 
holes 80 prepared 6o as to sonal thor when not in wse. In this 
mancver access for the t)}ermoccouy les was pgrovicod to the flame 
tube at the four stations and at all sever socundary air holes 
at each station, except at station 1 and 4, where previous 
work on the burner prevented the eutting of a hole or. the outer 
liner in lise with the seventh secondary air hole of the flame 


tube. 
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3/16 in. holes were then Grilled throuch seven of 
the one eighth pipe plugs. These pipe pluics were then veed 
when temperature measurements were to be mace at a station, the 
thermocouple being insertec in the 3/16 ine holes and on ‘nto 
the flame tube. ‘imall set screws were provided on the sides 


of the pipe plugs to hold the thermocouvles in place. 


The thermocouples were of the iroreconstatan type. 
They were lead from the burner to a junction box with!n the 
test cell and then to a selector switch on the control panel. 
The selector switch was connectec to a drown “esperatur 
iecorder of the potentiometer type which read in ceprees 
Pahrenbeit from O to 1600. Ceranio ‘nenlators coverin, six 
inches of thermocou) le wirin,, were placed around each thermo- 


couple next to the bead. 


Total pressure, Po, and static pressure, p, were 
menagured at a station 12 in. ahead of the burver. rressure 
lines were lead from a total heac tube ave a static orifice to 
two mercury filled manometars at the eumtrol panel. 4 thermpo- 
couple was also inserted in, the stream at this point ar cun-~ 


sected to the thermocouple control switeh at the control parel. 


A trnermocouple was also provided at the ertrance to 
the inlet air duct to the compreaser and connected *o the con-~ 


trol ewitch. 
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TLIT PROCEDURE 


It was first cecided to measure the temperature at 
each station and each secondary air hole from the center of 
the flase tube out in steps of 1/2 ine Then, for the purpose 
of identification, each row was assigned a letter. Thus each 
secondary air hole could be cosignatec by a combination of 
station number anc letter indicating the row. for example 1A 
vesignates the secondary air Nole in the A row at the first 
gstation. [nach pesition of the bead of the thermocouple, aa It 
moved in 1/2 in, ircrements from the center, was aiso acsiyned 
a number to follow the row deasipnaticn. Tle center was indica- 
tec by 0, the position 1/2 in. away from the center by 1 a: 

SO One Thus 364 indicated a pogition two inehes from the cen= 


ter of the flame tubo at station 3 and row C. 


To obtain the temperature readings the t).crmnocouples 
were placed in poeition at station 4 and threo in. “rom the 
cerntor, that is, at 446, 426, etc., one thermocounle at each 
seconcary air hole at that station. Tho en ine was tien 
started and warkeed up and the vel to the burner ignited. Tie 


engine KPM was set to obtain the desire. air flow through the 


burner anc tho burner fuel pressure regulated tuo give cesired 
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fuel flow. The temperatures were then read and recorded by 

two men at the con*trol panel who were also maintaining cesired 
air and fuel flow. Two wen in the test cell then repositioned 
the thermocouples by hand to pesitions 445, 4535, 4C5, etc., 

and again the temperatures were read and recorced. The thermo- 
couples were positioned by means of wooden guides previously 
marked to indicate correct distances, from the top of the pipe 
plugs to the end of the ceramic insulators, corresponding to 
the desired position of the thermocouple beac within the flame 
tube. This was repeated until all of the station 4 readings 
hac been obtained. The engine was then stopped ard the ther- 
soocouples shifted to station 3 where the procedure was repeated. 
-n this manner the temperatures were measured at all fovr sta- 
tions. Two such runs wore made, Mun 1] at a fuel-air ratio of 


e012 anc tun 2 at a fueleair ratio of .009. 


Fige 6 shows the thernocoules positioned at 2A4, 2i4, 


2C4é, etc. as described above. 
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the temperatures obtained in the survey, and the test 
coll operating conditions, are presented in Tables I and Il for 
Runs l and 2 respectively. The test cell conditions simulated 


the following Jéd@4-17 turbo jet engine operating concitionss 


Run 1 


Fuelair ratio e012 


Aitituce 5900 feet 

Engine speed 5400 RPM 

Air flow 8000 1b/ar 
Run 2 


Fueleair ratio 2009 


Altituce 4090 feet 
Ligine speed 5350 RPu 
Air flow 7950 lb/hr 


Porhaps what is more important is that the test cell 
conditions also approximate the critical engine eundition of 
blowout at high altitude. Thus if the ongine were operating 
at, say 30,000 feet anu 12,000 actual RPK the same conditicns 


that existed in the test cell would be approached by the enine. 
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According to Ref’. 9, at an altitude of 30,000 feet anc 12,000 
actual RIM a fueleair ratio of .021 would be necessary. As 
ean be seen above, the actual fueleair ratios employed jr the 
tests were much less. It is thought that lean fuele-air ratios, 
as used in the test, are a primary cause of blowout. Thus one 
ean say that burner conditions were such that blowout might 
have been approached. ‘iomwever, no such conditions were 
noticed. That is stable operations were perceived throughout 


and the results gave no indications of an impending blowout. 


the results in Tables I and II are shown plotted in 
Fige. 7 through 16. In Pigs. 7 threugh 19 and 12 through 16 
the burner is ¢rawn full scalo and in the position with respect 
to the vertical that it occupied during the teste. “he outer 
liner 4s represented by the full cirele and the flame tube by 


the dashed circle showing location of the secondary air holes. 


From a study of the temporature patterns, Fige. 7 
through 10 ard 12 through 15, obtained at the various stations, 
as located in Fig. 4, it bevomes apparent that the hot core of 
the combustion gages travels cown the burner very near to the 
center. At each: sucoecd'ng station the hot gaees of the cen- 
ter are cooled as the secondary air takes effect, thus mroduc- 


ing a sort of truncatec ene effect. Tho higher temperatures 
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found near the center in Run l, with a fuele-air ratio of .012, 
over those of lun 2, with a fueleair ratio of .009, for car- 
responding stations, indicates the effect of ‘ncereasin: Suel- 


air ratio. 


high tenperature gracients are encountered, in voth 
Rune, at station 1, Fics. 7 anc 12. As the gases proceed dawm- 
stream the contour lines become spaced farther apart and algo 
become less ur.iform thus indicating that the secondary air wix- 
ing is causing the temperature diSferenceos within the Slane 
tube to be reduced. Tie nonuniforsity of the cuntowr lines 
indicates the turbulance of the process. There appears to be, 
however, a certain pattern ever with respect to the t:.rbulance 
as indicated by tho contour lines, as the sawe p~ereral indica- 
tions: wore obtained in both rume. The patterns, although bee 
coming less circular and roughly more elliptical in shape, show 
a uniformity with respect to temperature cecrease that indicates 
stable operation and fairly good mixin,» Yy the time station 
4 has been reached the tesperatures with’ the immediate area 
of the center have become equalized to a certain extent an a 
steacily increasing temperature gracient to the center, so 
r.6ticeable at the other stations, has becun tc be broren up. 


The apnpearance of conparatively (‘ch temperature peals at 
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olaces other than the center csives ovidence of this. 


To show in a different manner the effect of mixing 
anc mixing rates, the temperature profiles at the varicus sta- 
tions have been crawn as shown in Fipvs. ll and 16 for Rune 1 
and 2 resvectively. The tenperatures for these figures were 
arrived at by dividing the burner, as shown in the temperature 
pattern figures, into taro parts by crawing a horizontal line 
through the center. At each racius from the center the top 
three readings were averaged for the top point anu the botton 
four points averazedc for the bottom point. These profiles 
siow that as the secondary air mixes the peak of the curves 
are recuced and at the sare time the curves themselves are 
flattened out. That is the slopes at about 0.5 ir. to 2.0 in. 
radius more nearly approach the vertical. This is desireable 
as a uniforn teuperature, i.¢., a vertical profile, is the 
ideal with perhans the variation of a low temserature existing 
at the turbine blade root. Of course thia condition should 
not be atta’ned at the expense of too low a tomperature. 
Natice that the slope of the profiles of Figs. 11 and 16 de- 
tween a racius of two anc three in. are practically corstent 
from station 2 or to 4. The game phenonenon way be observed 
in figs. 7 through 10 ané 12 through 15. This seems to indi- 


cate that ‘io secondary air does iot cool the temperature of 
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the mixture within the burner, around tho outor radii of the 
flame tube beyond a certain point. As more seconcary air 
enters it apparently penetrates farther anc farther tnto the 
fiame tube therefore having a much groater effect upon the 
hotter gases. In other words, as the amount of sec yndary air 
into the Plane tube increases the  <ases seem to be cooled, in 
co.centric layers, to certain temperatures and then remain 
fairly constant. This is :sood froma structural standpoint as 
low temoeratures are maintained at the outer boundaries. lore 
ever with recard to the requirerent that uniform temperatures 
exist acrose the outlet it is not so -ood as it is apparent 
that low temperatures will prevail around the edges with high 
temperatures generally in the center. Thus, in this burner, 
somo accitional arrangenent must be provided to give a closer 
approach to uniform distribution at the outlet. From Fig. 4 
it can be seen that the burner conve ces for twelve in. aft 
of station ¢ and whether this resulte in better te ,erature 
outlet conditions or not is not known but would be a subject 


for additional investisation. 


Ome solution for obtaining uniform temerature dis- 
tribution at the outlet in this type of burner would be to !n- 
troduce, by some means, a portion of the secondary air into 


the flame tubs at the center of the flame tube and downstream of 
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the combustion process. This would mean that struts or piping 
would have to be placed within the flame tube which would result 
in @ hicher pressure loss through the burner. Whether the 
temperature achieved would warrent the increased pressure loss 
ig unknown and would be another subject for investigation. 

The placing of baffles within the Plame tube in such a manner 
that the low temperature mixture near the outer radii is mined 
with the high temperature mixture in the center recion might 


also provide better tenperature distribution at the cutlet. 
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From the temperatures obtained from within the Jo3- 


A~-17 Turbo Jot Sngine can type burner during operation, at 


fuoleair ratios of .009 and .012, the following conclusions 


can be crawn: 


(2) 


(2) 


(5) 


(4) 


The hot core of the combustion gases travels 
approximately down the center of the flame 


tube» 


Increasing the fuel-air ratio soems to increase, 
in the secondary air mixins zone, only the ten- 
peratures near the center of the flane tube. 
That is, enough secondary air is belng admitted 
to the flame tubo to cool the hot pases to 
practioally constant temperatures near the outer 


boundaries of the flame tube. 


The secondary air between the flame tuve and 
outer liner remains at a comparatively constant 


temperature. 


The tenperatures on both sides of the flame tube 


are low enough so that the structural tempera- 
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(5) 


(6) 


(7) 


ture limit is not excesded. 


This type of burner and secondary air arrangenent 
gives stable operation at the engine operating 
conditions (even, it is believed, approaching 
blowout) under which the test was conducted and 
produces a fairly uniform mixing of air and 


combustion gases. 


The mixing of secondary air anc gases is such 
that uniform temperature distribution is being 
approached when the secondary air has ceased to 
be admitted. However, the low temperatures near 
the outer radii are being raintained and it is 
the high temperatures near the center that aro 
being reduced. Thus a temperature pradtent still 


remains at thie point. 


To produce a uniform tenperature distribution at 
the point where secondary air ceases to be ade 
mitted, or slightly downstrean, some acuitional 
arrangement would be necessary to raise the outer 


temperatures. 
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Temperature pattern at station l. Operating conditions: 
Fuel-nir ratio, O12; altitude, 3900 feet; encine speed, 


5400 RPM. <All temperatures in oN 


(Hich altitude blowout condition being approached) 








~ 
—ar oat, ad 
ete were ee eS 


Temperature pattern at station 2. Operating conditions: 
Fuel-air ratio, -012; altitude, 5900 feet; engine speed, 


5400 RP. All temperatures in °F. 


(High altitude blowout condition being approached) 





Ste 


Fageure: 9 





Temperature pattern at station 3. Operating conditions: 
Fuol-air ratio, .012; altitude, 3900 foot; engine spoed, 
5400 Rrli.s All temperatures in °F. 


(High altitude blowout condition beinz approached ) 
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Temperature pattern at station 4. Operatins conditions: 
Fuel-air ratio, .012; altitude, 3900 feet; on;ine speed, 
6400 RP. All temperatures in OF. 


(High altitude blowout condition bein; approached) 
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Figure l2 





Temperature pattern at station 1. Operating conditions: 
Fuel-air ratio, .009; altitude, 4000 fect; engine speed, 
5350 RPM. All temperatures in SF. 


(Hish altitude blowout condition being approached) 
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Figure 16 





Temperature pattern at station 2. Operating conditions: 
Fueleair ratio, .009; altitude, 4000 feet; enrine speed, 


5350 RM. <All temperatures in °F. 


(High altitude blowout condition being aprroached) 
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Temperature pattern at station 5. Operating conditions: 
Fueleair ratio, .009; altitude, 4000 feot; engine speed, 
9350 KPLi. All temperatures in Pf, 


(igh altitude blowout condition being approached) 
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Temperaturo pattern at station 4. 
Fuel air ratio, .009; altitude, 4000 feet; 


5350 RPL. All temperatures in °. 


(High altitude blowout condition being 





Operating conditions: 
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SAMOCLE CALCULATIONS 


ve have, for a square edyed orifice: 


w® .G68 Ap K yJe (AP) from Ref. 4 
Wore 3 

w2air flow, ib/see 

Ae * throat area of orifice plate, sqe ine 


K = flow coefficient (coefficient at uischarze 
with approach factor included) 


C * apecific weight, lb/ousft. 


AY 8 differential pressure across crifice, 1b/sq.ine 


For the orifice used in this test: 
E _ a nef. 4 


Ae # 90.5 SQe ine 


And the above formula reduces to 





Where: 
Pb ™ barometer reacing, ine iipe 
Ahw = differential pressure eaorogs orifice, in. M20 
TO ® inlet temperature to orifice 


w 2 airflow lb/sec 
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From Table I 
Yo = 29.29 in. Ne. 
Alw 8 14.8 in. HZ0 


fo @ 95° Pf @ 555° Fabs 


éubstitutin:: 


= 5) | 29.20 (14.8) 
AO a 


w ® 2.225 lb/sec 
or 

w ® 6000 lb/ir 
From Table I 

Fuel flow, Wp = 97 lb/hr 
then 

97 

Puelesir ratio = = 012 

From Ref. 5 at an air-flow of 8000 lb/hr 


engine speed ® 5400 RPM 


Totai burner inlet preseure 
at stancard sea level conditions = 44 in. Hye abs. 
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44.0 
Compression ratio * 29.92 © 1.47 
Nrom Table I 


Actual total burner inlet pressure, 
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